Degradation of carbohydrate, protein and lipid food reserves occurs in the seed germination process to produce energy for germination and further growing. This study aimed to determine dynamics the content of protein, carbohydrates, and lipid in cotyledon of seed clon i.e. Sca 6, RCC 70, RCC 71 and KKM 22 during germination. The experiment used completely randomized design consisted of four replications with 4 treatments. In each cocoa germination phases i.e. before germination, phase II (bend/curved phase), cotyledon emergence, leaves emergence and fall of cotyledon from the sprouts were observed to collect data. This observation were water content, ash content, lipid, soluble protein, total protein and carbohydrate content. The results of the experiment showed that during germination, there was an increasing of water content in cotyledon from the bend phase to the leaf emergence and decrease in the phase of fall of cotyledon The highest water content was observed in the leaf emergence phase as high as 69.42%. The content of ash content, dissolved protein, total protein and carbohydrates in cotyledon fluctuated during the bend phase until the leaf emergence and increased in the phase of fall of cotyledon. Lipid content has decreased from the bend phase until the fall of cotyledons. Carbohydrate levels increased from the bend phase to the fall of cotyledons. The speed of degradation procces of seed stored material (water, lipid, protein and carbohydrate content) during germination was affected by differences in seed clones. The Scavina 6 and KKM 22 clones entered the bend phase and the realease of cotyledon.
INTRODUCTION
Cocoa is one of the estate crop commodities that have an important role in the Indonesian economy. Aside from being a country's foreign exchange contributor, other roles are rural employment providers, farmers' income sources, domestic industry supply providers, and sources of regional economic growth. Until 2014, the area of Indonesia's cocoa plantation has reached 1,727,437 ha, with production reaching 728,414 tons of dry cocoa beans (Anonymous, 2015) . Data of The International Cocoa Organization (ICCO) stated that in 2014, Indonesia was the third largest cocoa seed producer in the world after Ivory Coast and Ghana (Anonymous, 2016) .
Several factors affecting cocoa yield and quality i.e. the genetic properties of planting materials, cultivation methods, postharvest handling, and environmental or land suitability factors. Environmental limiting factors in cocoa growth requirements are closely related to soil factors, such as altitude, topography, drainage, soil type, soil physical properties, and soil chemical properties (Rubiyo and Siswanto, 2012) .
The effort to improve cocoa yields can be done through rejuvenation with good quality seed provision that includes physical, genetic and physiological quality. The planting material is the fundamental source to achieve high yield. Cocoa propagation can be done by cuttings or grafting (vegetative) or using seeds (generative). One of the obstacles in the provision of cocoa seeds is its characteristics as recalcitrant seeds that are not dry-resistant seeds, sensitive to temperature and low humidity (Saleh, 1994) . Naturally cocoa seeds do not have dormancy, the seeds cannot stored for long time and sensitive to changes in the storage environment. One of causes of high and low quality seed is determined by the seed size. One of the seed technologies to overcome the problem of cocoa seeds is synthetic seeds. Benefits of Synthetic seed technology are long period storage, simplify the process of seed distribution, and could protect seeds from pests and diseases (Muslihatin et al., 2016) . One of the ways to develop synthetic seeds in cocoa by find out the dynamics of cotyledon stored materials on germination phase at different seed sizes to determine the nutritional needs on seed sprout/seedling.
Seed size is related to seed viability and vigor because the heavier and the bigger seeds have better germination speed and improved seed development. The previous studies illustrated that for certain species, large seeds had better quality than small seeds. Large seeds of Shorea leprosula (1.4-1.7 cm long and 0.9-1.20 cm in diameter) result in better germination, higher growth, and wider seedling diameter compared to small seeds (0.7-0.99 cm long and 0.63-0.80 cm in diameter) (Rayan and Cahyono, 2011) . The growth rate of maize sprouts increased with the larger seed size (Gusta et al., 2003) .
The role of seeds as a planting material, then the chemical composition of seeds should be known. The chemical composition of seeds is greatly affected by genetics, cultivation and environmental factors. Most seeds contain two or more food reserves in sufficient quantities, which are synthesized during the development of seeds. The main food reserves of the seeds are carbohydrates, proteins and lipids.
The degradation of carbohydrate, protein and lipid occurs during germination in order to produce energy. The energy result will be used to germinate and to grow. The degradation of food reserves for each compound is through the enzymatic process. The results of the degradation of food reserve in the form of simple carbohydrate compounds are transferred to the growing point so that it can be used as an energy source for growth (Widjayanti et al., 2013) . According to Lehrian and Patterson (1983) , in the germination phases of cocoa beans, there was a decrease of seed components such as lipid, carbohydrate and protein by enzyme activity. The findings of Permana et al. (2013) during germination, an increase in water content was found, while the lipid content and seed weight decreased and dissolved protein content fluctuated but always higher than before germination.
The information of the chemical composition of the seeds of some cocoa clones with different seed sizes and their degradation is important in the development of synthetic seeds. Therefore, it was necessary to conduct an experiment to know the chemical composition of the seeds and their dynamics during germination to produce uniform seedlings, simultaneously grown, and showed uniform performance in the field. This study aimed determine dynamics of the content of protein, carbohydrates, and lipid in cotyledon of Sca 6, RCC 70, RCC 71 and KKM 22 during germination.
MATERIALS AND METHODS
The study was conducted from January to March 2017 at the glasshouse of Faculty of Agriculture Gajah Mada University (GMU); Laboratory of Plant Sciences, Faculty of Agriculture GMU; and Laboratory of Food and Nutrition, Faculty of Agricultural Technology GMU (analysis of protein, carbohydrates and lipid).
The experiment used completely randomized design (CRD) consisted of four replications with 4 treatments. The treatments were 4 cocoa i.e. clones with Sca 6, KKM 22, RCC 70 and RCC 71). All seeds were originally obtained from PT. Pagilaran in Segayung, Batang, Central Java Before germinating, cocoa fruit were separated between its seeds and flesh and then was extracted using rice husk ash to remove the pulp that wrapped the seeds and washed with tap water and drained. After that, the seeds were germinated in well-sieved sand media. For each treatment, 100 seeds planted with spacing 4 cm x 4 cm and 4 replications, so the required seed was 1,600 seeds. Watering was done every day by using manual spray (hand sprayer).
The analysis includes of water content using gravimetric method (AOAC, 1995 ) , ash (AOAC, 1990 ), lipid (AOAC, 1995 , soluble protein (Lowry, 195 in Sudarmadji, 2007 ), total protein (AOAC,1970 , and carbohydrate (by different) (Winarno, 1986) in cotyledon was done on seeds before and after germination of namely: germination Phase II/bend phase, opening cotyledons, leaves emergence (4 to 5 leaves), and fall of cotyledon (Figure 1 ). The experimental unit consisted of 4 replicates and 4 cocoa clones of different seed sizes so that the total experiment unit was 16. The analysis results were presented in graph.
Determination of the water content
Water content was determined gravimetrically according to the Association of Official Analytical Chemists (AOAC, 1995) . Samples dried in controlled oven to gained constant weight. Two grams (2.0 g) of the sample was accurately weighed on the porcelain. The porcelain with its content was put into the oven at 105°C for 24 h. Then the sample was cooled in a desiccator and weighed. The loss in weight expressed as a percentage of the initial weight of the sample gives the moisture content of the sample.
Determination of the ash content
Ash was determined by the method of Association of Official Analytical Chemists (AOAC, 1990) . A 2.0 g sample was weighed into a previously dried and weighed porcelain crucible. The crucible with its content was placed in a furnace preheated to 600°C for 2 h. The sample was allowed to cool in the furnace to 250°C. The crucible and the ash were then transferred into an oven at 100°C for 30 min cooling. After this period, the crucible with its content was cooled in a desiccator. The crucible with its content was weighed. The weight of the ash was expressed as a percentage of the initial weight of the sample.
Determination of the lipid content
Lipid content was determine using soxhlet (AOAC, 1995) . The crude fat was extracted from 1-2 g of each sample using Soxhlet extractor in low boiling point (40-60 °C) of petroleum ether. The weight of the lipid after solvent evaporating presented the weight of the lipid.
Determination of the soluble protein
Determination of the dissolved protein content of cocoa seed using the lowry method (Lowry, 1951 in Sudarmadji, 2007 . Preparation of Reagent A, 100 g Na 2 CO 3 was dissolved in 0.5 N NaOH to reach a volume of 1000 mL. Reagent B, 1 g CuSO 4 .5H 2 O was dissolved in distilled water until it reached a volume of 100 mL. Reagent C, 2 g K-tartrate dissolved in distilled water until it reaches a volume of 100 mL (reagents A, B, and C could be stored after being prepared before use). Standard bovine serum albumine (BSA) solution of 0.3 mg mL -1 : 0.08 g BSA was dissolved in 0.01 M citrate buffer solution of pH 6 which had been cooled at ± 10°C for 24 hours to reach a volume of 100 mL. Reagent D was mixed with 15 mL of reagent A with 0.75 mL of reagent B and 0.75 mL of reagent C, then shaken out until homogeneous (reagent D must be prepared just before use). E reagent: 5 mL of Folin-Ciocalteu reagent was diluted with distilled water until it reached a volume of 50 mL.
The initial stage of the dissolved protein standard curve on the standard curve prepares BSA (0; 0.06; 0.12; 0.18; 0.24; 0.30 mg / mL) with the aim of creating a support point on the standard curve. Prepared 6 test tubes with a concentration of 0; 0.06; 0.12; 0.18; 0.24; 0.30 mg/mL. Then 1 mL of reagent D was added, vortexed and allowed to stand for 15 minutes. Subsequently added 3 mL of reagent E, unsorted and allowed to stand for 45 minutes. Its absorption is measured at its optimum wavelength. The standard equation for dissolved protein: y = BX + A, where y is the absorbance at λ = 750 nm and X is the standard dissolved protein concentration, BSA (mg / mL).
Determination of the total protein
The total protein content was determined using micro Kjeldahl (AOAC, 1970) by weighing 50-60 mg or 0.2-0.5 g of dry matter and placed it in a 50 ml kjeldahl flask and adding 2 ml H2SO4 (93-98% free N). Add 0.5-2 g of Na2SO4: HgO mixture (20 g: 1 g) for the catalyst. Heat it in the smoke room until it's clear and continue boiling for another 30 minutes. After cold, wash the wall in the kjeldahl flask with distilled water and boil again for 30 minutes. After cold, add 5-10 ml of aquadest and add 6-15 ml of NaOH-Na2S2O3 solution (40 ml: 5 g) and dilute with distilled water to 100 ml. Then distillate with kjeldahl microstructure, distillate is stored in erlenmeyer which has been filled with 5 ml of 4% boric acid (saturated) and given an indicator of a mixture of methyl red-methyl blue or methyl red-bromine (cresol green). Distillation is terminated when all N is distilled, i.e the droplets are not base. Citrate the distillate with 0.02 N HCl. Calculate the total N or protein in ingredients. Determination of the carbohydrate content Total percentage carbohydrate was determined by the different method as reported by Winarno (1986) . The calculation was substract 100% with added valuae of the total values of percentage of water content, ash, total protein and lipid of the sample.
RESULT AND DISCUSSION

Water content
This observation figure 2 showed that water content of all germinated clones increased from the pregermination phase (46.63-48.97%) to leaf emergence phase (66.44-71.36%). The phase of fall cotyledon occurred a decrease in water content (38.82-41.54%), because the cotyledons withered and separated from the germinate.
The initial process of germination is an imbibition process where the water enters into the seed, so that the water content in the seed reaches a certain percentage (between 50 to 60%) (Permana et al., 2013; Pancaningtyas et al., 2014) . In research of Mundo et al. (2015) , the water content of cotyledon of cocoa criollo increased at age 0-15 days after germination.
The increase in water content was caused by the absorption of water from growing media. Increasing water content was caused by water absortion from growing media. Generaly the amount of water absortion was not more than two to three of seed weight. Then the water was used to metabolize and degradate food reserves during germination process.
In contrast to the research of Motilal et al. (2003) that reported that moisture content of cocoa T. cacao var M8 (Amelonado type) in the cotyledon phase fell from 38-48 days germination after germination, from 64.5 to 63.1%. Water absorption by seeds vary between species (Alvarado and Bradford, 2002) .
The water content of seeds affected the degradation of carbohydrate, starch, lipid and protein reserves dissolved in cotyledons (Ataíde et al., 2013) . In addition, water is needed for the formation of gibberellic acid in seed germination. Gibberellic acid is a hormone that stimulates the activation of metabolic enzymes such as lipase, protease and amylase (Debeaujon et al., 2007) .
Ash Content
According to Figure 3 , the ash content of all clones from the pre-germination phase to the opening phase of cotyledon tended to be between 4.51-5.74%, then decreased at the leaf emergence phase, and increased again in the phase of fall of cotyledon (Figure 3) . The ash content of Sca 6, KKM 22, RCC 70 and RCC 71 in the fall of cotyledon phase was higher than the previous phase. The highest ash content in the fall of cotyledon phase was found in KKM 22 cotyledon. High ash content showed a high mineral content in cotyledons.
Ash content is the residual inorganic substance of combustion of an organic material present in cotyledon. The same amount of ash content at the pre-germination phase to the opening phase of cotyledon was suspected to occur because the need for inorganic compounds was not much at those phases, so that ash content at different germination ages remained unchanged (Anggrahini, 2007) , while the low ash content in the leaf emergence phase was due to the need for more organic matter. The fall of cotyledon phase was higher than the previous phase. In the opinion of Pranoto et al. (1990) , after the sprouts developed and were able to produce their own food to grow, it gradually became less dependent on food reserves of storage tissues.
Lipid
The results of this present study which used ripe seeds contained less than 40% lipid content were as follows: Sca 6 (47.04%), KKM 22 (45.53%), RCC 70 ( 46.50%) and RCC 71 (44.68%).The lipid content of Sca 6, KKM 22, RCC 70 and RCC 71 decreased during germination, but there were differences among several clones in the phase after the fall of cotyledons. In the phase after the fall of cotyledons, the Sca 6 and KKM 22 most lower lipid content than RCC 70 and RCC 71 (Figure 4 ). Lipid content in cocoa seeds began to increase in the fruit maturation phase, while the lipid content in the germination phase decreased again (Permana et al., 2013) . It was proven from the results of research on clones ICS 95 and KKM 4 had an increase in protein and lipid content at age 90, 110 and 130 after anthesis (Voigt et al., 1995) . The bulk cocoa with yellow color on the whole surface of the fruit contained 51.10% lipid, while in the cocoa with yellow in the groove of fruit, fruit groove back and old yellow maturity level on the entire surface of the fruit had the lipid content of 35.30-36.61% in dry seed (Marwati et al., 2012) . While the results of research of Martini et al. (2008) , the lipid content of dry cocoa seed was 49.24%. In fact, the wet cocoa seeds contained about 30-32% lipid or 50% in dry beans (Permana et al., 2013) .
The decreasing fatty acids was due to lipase activity that hydrolyzed lipid to fatty acids and glycerol (Permana et al., 2013) . Lipid hydrolysis will continue to fulfill the required energy and components needed for growth during germination such as the emergence of radicles of cotyledon, growth and development of sprouts (Davies and Slack, 1981; Lehrian and Patterson, 1983; Debeaujon et al., 2007; Ataíde et al., 2013) .
Soluble protein and total protein
The content of dissolved protein showed fluctuation in all clones during the germination phase ( Figure  5 .A). The highest change of dissolved protein content was in the phase of fall of cotyledon which was a sharp increase especially in cocoa seeds of KKM 22. This was in accordance with the statement of Permana et al. (2013) that the dissolved protein of cocoa seeds during germination fluctuated but the content was always higher than before germination. This opinion It was also supported by the research of Doman et al. (1982) using cotton seed (Gossypium hirsutum, cv Deltapine 61) showed that there was an increase in the content of dissolved protein at 24 hours after germination and decreased after 48 hours after germination. In line with the research by Kesari and Rangan (2011) , he fluctuation of soluble protein content in the seeds of malapari plants (Pongamia pinnata) occurred on 20 days after germination and its content decreased after the next 25 days.
Proteins are polymers of amino acids (Lopez and Escubedo, 1989) . During the germination and growth of sprouts, proteins were degraded by proteases (Kim et al., 2011) . The protein levels of cocoa seed increased during ripening and decreased during germination (Biehl et al., 1982) . Dissolved proteins are proteins that are easily absorbed by sprouts, whereas total protein is the nitrogen (N) content in cotyledons. Fluctuations in dissolved protein content occurred because of adjustments in the degradation of proteins during germination. The active protein in the germination process hydrolyzes the protein into shorter chains and amino acids to be converted into energy or components for growth as well. The amino acid aspartate and glutamate in the form of amid will be transferred to the embryo. The amino acid tryptophan will be converted into indole acetic acid (IAA) which triggers growth (Permana et al., 2013) . Not only protein breakdown during germination, but there is also a synthesis of amino acids or new proteins that is a necessary for growth.
The total protein content in showed that all cocoa clone seeds have a decrease in total protein content from the phase before sprouting up to the leaf emergence phase and then it increased in the phase of fall of cotyledon ( Fig. 5.B) . The longer the germination period, the protein content would decrease, because at the time of sprout growth, nitrogen (N protein) was used for the formation of new structures as the increasing age in the germination stage (Pertiwi et al., 2013) . According to Yudono (2015) , a decline in food reserves in cotyledons of corn kernels such as carbohydrates, dissolved proteins, phosphates and nucleic acids was suspected to be translocated into hypocotyl, epicotyl, roots, and plumula.
In contrast to the Pisum sativum L., the total protein content of cotyledons during germination had a slow decline in early germination and increased during the second week after it decreased and remained stable (Guardiola and Sutcliffe, 1971) . For Cereus jamacaru plant, total protein content decreased at 12 days after sprouting, but occurred a fluctuated decrease after that (Alencar et al., 2012) .
Carbohydrate
The results observation of Figure 6 , all cocoa seed clones had a decrease in carbohydrate content from the germination phase to the bend phase, then the levels continue to increase from the bend phase to the phase of fall of cotyledon. The decreased carbohydrate content was due to the occurrence of carbohydrate hydrolysis into simpler compounds, then used as energy for growth during the germination phase. According to Anggrahini (2007) ; Hartawan and Nengsih (2012) , carbohydrates as food supplies were degraded by the α-amylase and β-amylase enzymes. α-Amylase would break down starch into glucose and dextrin while β-amylase would break starch into maltose and dextrin, which would eventually be converted again to produce energy. Anggrahini research (2007) , the carbohydrate content of green bean sprouts decreased during germination process from 66.98% to 61.70%.
Carbohydrates in the seeds are stored in starch form and the compounds must be hydrolyzed into a simpler compound. There are two pathways in degrading starch which was through the process of amylolysis or hydrolysis and phosphorolysis. The amylolysis process produces glucose, whereas the process of phosphorolysis with the assistance of starch-phosphorylase enzyme, amylose and amylopectin with the help of phosphate ions was degraded to produce glucose and dextrin. Further glucose was transferred to the growing point (root and shoot) (Widjayanti et al., 2013) .
Increased carbohydrate levels after the fall of cotyledon might be caused by food reserves were not used anymore. It was thought that sprouts had been able to produce all food to grow and then was gradually no longer dependent on food reserves (Pranoto et al., 1990) . The physiological function of cotyledon is to replace the leaf function that has not been activated, so the energy from carbohydrates broke up to produce ATP for growth, especially for leaves. began to have a brownish color and the water content began to fall. According to Du et al. (2014) , the old cotyledon would experience discoloration, chloroplast discharge, and degradation of DNA, RNA, and protein.
Besides, cotyledon would wither and fell, but the growth of plumula continually increased (Copeland and McDonald, 1985) . Meanwhile, according to Haryanti and Budihastuti (2015) , polyphenol compounds could trigger the fall of cotyledons from epicotyl. Meanwhile, the phytohormones that affected cotyledon aging were cytokines and ethylene (Ananieva et al., 2008) . There were the differences of material stored content in seed cocoa which were tested before entering germination phase. The highest carbohydrate content was belong to clone RCC 71, while the highest water (48.97%) and soluble protein (2.02%) content were belong to clone RCC 70. Clone Sca 6 was the clone with the highest ash (5.07%) and lipid (47.04%) content, whereas clone KKM 22 was the clone with the highest total protein content (15.60%). In bend phase, clone KKM 22 was the clone with the highest water content (55.56%) and total protein (15.76%). The difference in water content is due to differences in the absorption capacity of each clone of water, which indicates that KKM 22 has the ability to absorb higher water. Clone RCC 70 was the clone with the fewest water content (50.24%). Further clone RCC 71 was the clone with the highest ash content (5.36%), whereas clone Sca 6 was the clone with the fewest ash content (4.67%). Moreover, the highest of lipid (55.57%) and lowest total protein (0.97%) content were belong to clone RCC 70. The result showed that Sca 6 and KKM 22 had faster speed germination on the bend phase which occured at 10 DAP compare to RCC 70 and RCC 71 which enter the bend phase at 12 DAP.
In cotyledons opening phase, all cacao clones had not much different of water content, soluble protein and total protein. The differences was found in lipid and carbohydrate content. Clone RCC 71 had the lowest lipid content (44.20%) but had the highest soluble protein (2,61%) and carbohydrate content (36.3%) than three other clones. Each clone had different time in opening cotyledon phase, i.e. Sca 6 (16 DAP), KKM 22 (15 DAP), RCC 70 (19DAP) and RCC 71 (20 DAP).In leaves emergence phase, clone RCC 70 was the clone with the highest lipid content (42.44%). This indicated that in seed water and lipid content were more influential factors to speed up the seed entering leaves emergence phase. The time fo leaves emergence phase of Sca 6 was 23 DAP, then followed by KKM 22, RCC 70 and 71 which had the same leaf emergence time at age 27 DAP. In the phase of fall cotyledon, clone KKM 22 was the clone with the highest soluble protein (19.11%), ash (8.84%) and carbohydrate (63.30%) content, while the higest lipid content was belong to clone RCC 70 (23.24%) and RCC 71 (22.74%). Time of cotyledon fall from each clone was differnt. The Sca 6 and KKM clones 22 were faster (40 DAP) while the RCC 70 and RCC 71 clones had a longer time to release the cotyledon, i.e. 49 HST. According to Ruiz et al. (2008) , the fall of cotyledons occurs when a sprout has a pair of leaves that can photosynthesize to produce energy for growth.
CONCLUSIONS
During germination there was an increasing of water content in cotyledon from the bend phase until the leaf emergence and decreased in the phase of the fall of cotyledon. The content of ash, lipid, dissolved protein, total protein and carbohydrates in cotyledon fluctuated during the bend phase until the leaf emergence and increased in the phase of fall of cotyledon. Lipid content was decrease from the bend phase to the fall of cotyledon. Carbohydrate levels have increase from the bend phase to the fall of cotyledon. The Scavina 6 and KKM 22 clones entered the bend phase and the fall of cotyledon than the RCC 70 and RCC 71 clones.
